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M ore than 100 people participated in a discussion session at the D IS08 workshop on
the topic W hatHERA m ay provide. A sum m ary ofthe discussion with a structured
outlook and listofdesirable m easurem entsand theory calculationsisgiven.
1 Introduction
The HERA acceleratorand the HERA experim entsH1,HERM ES and ZEUS stopped run-
ning in theend ofJune2007.Thiswasafter15 yearsofvery successfuloperation sincethe
rstcollisionsin 1992.A totallum inosity of 500 pb  1 hasbeen accum ulated by each of
thecolliderexperim entsH1 and ZEUS.During theyearstheincreasingly betterunderstood
and upgraded detectors and HERA acceleratorhave contributed signicantly to this suc-
cess. The physicsprogram rem ainsin fullswing and plenty ofnew resultswere presented
atDIS08 which areapproaching the anticipated nalprecision,fullling and exceeding the
physicsplansand the previsionsofthe upgradeprogram .
M ostofthe analysespresented atDIS08 werestillbased on the so called HERA Idata
sam ple,i.e. data taken until2000,before the shutdown forthe lum inosity upgrade. This
sam ple has an integrated lum inosity of 100 pb  1,and the four tim es larger statistics
sam ple from HERA IIisstillin the processofbeing analyzed.
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Soon theLHC willstartoperation and willdraw theattention ofa largefraction ofHEP
physicists,including m any ofthosethathavebeen working on HERA during thelastyears.
There ishoweverstilla lotto learn from the HERA data,m uch ofitwillbe ofextrem ely
high im portance also for understanding LHC data,orfor m aking precision m easurem ents
with LHC data. So itisworth continuing the analysisand investing the necessary tim e to
com plete thisjob. Hence,itseem sto be tim ely to sum m arize and structure topics,where
analysis of HERA data can contribute signicantly to answer generaland fundam ental
questionsofQ CD.In orderto benetfully from thepoweroftheHERA data som efurther
developm entsin theory areneeded aswell,which willbe addressed in thisnotetoo.
A discussion on future m easurem entsatHERA took place atDIS 08,with m ore than
100 people attending a specially organized evening session. M any interesting issues were
brought up. The clear support from the DESY directorate for fully utilizing the HERA
potentialencouraged usto prioritize a listofinvestigationsand ideasforwhatstillcan or
should bedonewith HERA data.Asreected in thisreport,questionsoffactorization and
universality em erged asvery prom inentthem es.
This paper is structured as follows: in the second section we discuss the prospects of
m easurem entsofparton distribution functions(PDFs),which aretheessentialinputforall
calculationsand predictionsin hadron-initiated processes. W e also discussthe theoretical
interpretation ofsuch m easurem ents.
W hen scrutinizingtheem erginghadronicnalstate,issueslikeuniversalityofhadroniza-
tion,the colorstructure ofthe partonic nalstate and m ulti-scale phenom ena becom e im -
portant.Thisisthe topicofthe third section.
Finally,since HERA is a m achine perfectly suited forprecision m easurem entsin large
areasofQ CD,itisan idealplaceto testthe validity ofthe presenttheoreticalapproaches,
and to lim it their ranges. Forexam ple,deviationsfrom linearevolution equations can be
investigated,related to a regim ewherecollectivephenom ena becom edom inant.Topicslike
thisarediscussed in the fourth section.
W e discuss the im pact ofthe m easurem ents on tuning and validation ofM onte Carlo
eventgeneratorsin the fth section and givea conclusion in section 6.
In thenalsection wegiveawish-listofm easurem entswhich should bedonewith HERA
data.
Lastbutnotleast,oneshould securethefuture.HERA hasbeen theonly lepton-proton
colliderin theworld so far,and no construction ofa sim ilarm achineispresently scheduled.
Hence the data and analysis environm ent ofthe HERA experim ents should be preserved
such that it is possible in future to turn to these data for questions and studies,iffuture
physicsrequiresit.
2 Parton distribution functions { the irreducible input to allcal-
culations involving hadron beam s
Thefactorization theorem sin Q CD allow usto evaluatecrosssectionsfrom theconvolution
ofcorresponding hard scattering m atrix elem ents,which areperturbatively calculable,with
parton distribution functions(PDF),which includealsonon-perturbativephysics.Although
the factorization theorem sare strictly proven only fora very lim ited num berofprocesses,
seeforinstance [1],theirvalidity alwaysisim plicitly assum ed when such crosssectionsare
calculated. Dierentfactorization theorem sexist,which are applicable to dierentregions
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ofphasespace:
 C ollinear Factorization,applicableatlargeenough Q2.
Crosssectionsarefactorizedintoprocess-dependentcoecientfunctionsC a andcollinear
(integrated over kt) parton distribution functions at a factorization scale f (e.g.
2f = Q













 kt -Factorization,applicableatsm allenough x (high energy factorization).
Crosssectionsarekt{factorized [2{5]into o m ass-shell(kt{dependent)partoniccross
sections ^(x
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Theproperand precisedeterm ination ofthevariousPDFsisessential,astheiruncertainties
directly contributeto the uncertaintiesofthe respectivecrosssection calculations.
Besides the determ ination ofthe parton distribution functions,the coupling strength
s(







Thecom pletestatisticsofHERA shallbeanalyzed in a correspondingsingletanalysis,from
which a further im provem ent ofthe error ofs(M
2
Z ) and im proved error contours ofthe
sea-quark and gluon distributionsareexpected.Thisanalysiscan be carried outat3{loop
order.Sincethecharm -quarkcontributionsarelargein thesm all-x region,thecorresponding
W ilson coecients have to be calculated to the sam e level[7{9]. O nly ifuniversalPDFs
and s arem easured and obtained can thewholefactorization program beused in practice.
Therefore the m ost precise m easurem ents ofthese quantities relates to very fundam ental
questions ofour theoreticalunderstanding. Precision charged current (CC) and neutral
current(NC)cross-sectionsathigh Q 2 alsoprovideconstraintson theelectroweak couplings
ofthe lightquarks.
To extract the dierent PDFs,cross section m easurem ents need to be perform ed for
various processes. The m ost precise ofthese m easurem ents are obtained for the inclusive
totalcross sections. In sem i-inclusive m easurem ents (like jet, charm or diractive cross
sections),which require tagging ofone or m ore particles in the nalstate,only parts of
thephasespaceareexperim entally accessible.Charm ed -ordiractivestructurefunctions,
F c2 orF
D
2 ,can only be obtained afterextrapolation from the visible to the total(partially
invisible) phase space,which requires assum ptions and thereby introduces an additional
m odeldependenceandsystem aticuncertainty.Forexam ple,in thecaseofcharm production,
large m odeluncertaintiesenterthrough the extrapolation from the visible crosssection of
D  production in DIS to thetotalcharm production crosssection [10].M easurem entsbased
on the im pactparam eterhavem uch sm allerextrapolation uncertainties[11].
Therefore,aim ingform inim alm odeldependence,em phasishastobeputonthem easure-
m entofm ostly visiblecrosssections.In addition,in ordertofurtherreducetheuncertainties
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in the m easurem entsand thusofthe extracted PDFs,eortshave already been started to
com binethem easurem entsofH1 and ZEUS.Thisrequiresa detailed agreem entconcerning
the kinem atic ranges and accessible phase space. The com bination ofthe inclusive cross
section m easurem ents[12]ofH1 and ZEUS,based on partofthe HERA Idata,isalready
leading to a very good precision. A com bination ofinclusive crosssectionswith m easure-
m entsofheavy quarksand jets[13]can be used to furtherconstrain the gluon distribution
function and s.Also forthe inclusivediractivecrosssection a m uch betterprecision can
beachieved from a com bination ofthem easurem entsfrom H1 and ZEUS,which hasalready
started.
Strategiestoextractthem ostprecisePDFstobeused attheLHC,and questionson how
to use future LHC data to furtherconstrain the PDFsare discussed in the PDF4LHC [14]
forum .
From thesem easurem entsthePDFscan bedeterm ined,eitherin thecollinearand/orthe
kt-factorization approach. The com bined m easurem ents constrain m uch better the PDFs,
especially the low x gluon density [15]. This new param eterization (HERAPDF) willbe
m ade availablein LHAPDF.An issuewhich isstillopen iswhetherthe proton containsan
intrinsic charm com ponent.In orderto verify and potentially quantify thisexperim entally,
extra eortsto tag charm in the very forward proton region would be needed.
Howeverto fully appreciatetheim pactofhighly precisem easurem ents,furthertheoret-
icalprogressisrequired in the following issues:
 collinearfactorization
 inclusivecrosssectionsand structurefunctionsatthree loop orderin s
 heavyquarkcrosssections:transition from them assivetothem asslessapproach
 discontinuitieswhen going beyond NLO in collinearfactorization




 unintegrated PDFsalso form edium and largex
 usageofPDFsin M onte Carlo eventgenerators(PDF4M C)
Activitiesin theseareashavestarted,butarenotfully com pleted yet.
3 U niversality ofthe hadronic nalstate
Thehadronicnalstatein epcollisionsism uch m orecom plicated than in e+ e  annihilation,
due to the presenceofthe colored proton rem nant.
Although it im plicitly has been assum ed for alltheoreticalpredictions up to date,the
universality ofparton-jetcorrelationsatperturbative scaleshasneversystem atically been
investigated in processeswherem orethan onejetisproduced.Thiscorrelation dependson
thecolorstructureofthenalstate,thereforetheso-called underlying event,which includes
everything exceptthelowest-orderprocess,m ightplay a signicantrole.In addition,in the
soft and non-perturbative regim e the universality ofhadronization and the param eters of
the phenom enologicalhadronization m odelstillwaitsto be veried in detail.
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3.1 C olor structure ofnalstate
Thecolorow between thepartonsofthehard processwith theproton-rem nantisresponsi-
blefortheproduction ofthehadronsin thephasespaceregion between thehard scattering
and therem nant.In diractiveevents,thecolorow from theproton to thehard scattering
isbroken,in a sim ple m odelrealized by the exchange oftwo gluonswhich neutralize each
other’scolor.Singleparton exchange(non-diractive)and doubleparton exchangeareonly
two extrem e cases.M ulti-parton exchanges,which are notin a colorsingletstate,are also
possible and can increase the hadron m ultiplicity,since each ofthem willradiate further
partons,possibly m odied by interferenceeects.M ultiparton interactionshavebeen stud-
ied with jetsin photoproduction [16{18]and there are indicationsforinteresting eectsin
DIS [19].
In general,everythingexceptforthelowestorderprocessunderinvestigation contributes
to theso-called underlying event(UE).TheUE includescontributionsfrom initialand nal
state parton showers,as wellas hadronization but also m ulti-parton exchanges including
diraction.Thusthe study ofthe UE turnsoutto be asim portantand interesting forthe
basicsofQ CD asthe hard perturbativeprocessesitselfare.
M easurem entsofthe transversehadronicenergy ow can be used to testthe
 universality ofthe colorconnection between hard partons
 universality ofthe colorconnection between hard partonsand proton-rem nants
The application ofhard scattering Q CD collinear factorization [20]to the leading Q 2
com ponentofdiractiveDIS (ep ! eX p)leadstoaconceptof‘diractivepartondistribution
functions’(DPDFs),describing interactionswhich producea leading nalstateproton with
a particularfour-m om entum . Severalauthorshave recently analyzed diractive DIS data
and extracted DPDFs[21{23].M any testsofthe factorization propertiesofdiractiveDIS
havebeen m adeby com paring predictionsbased on theseDPDFswith observablesfrom the
diractivehadronicnalstate,such asjetand heavy quark crosssections.
Testing the factorization propertiesofdiraction and im proving on the precision ofthe
DPDFs rem ains a m ajor them e in diraction at HERA,with the diractive longitudinal
structure function F DL a notable new observable which m ay provide an interesting test of
the large gluon density. However,perhapsthe m ostim portantrem aining work to be done
centersaround understanding the m annerin which diractive factorization can be broken.
Therearetwo m ain them es,which arebriey discussed below.
Asexpected [20],diractivefactorization breaksdown spectacularly when DPDFsfrom
HERA are applied to diractive pp interactions at the Tevatron [24]. However,with the
introduction ofa ‘rapidity gap survivalprobability’factor to accountfor secondary inter-
actionsbetween the beam rem nants[25,26],a good description hasbeen recovered.There
rem ains m uch to be learned about gap destruction and survival,which together with the
HERA DPDFsarethetwoessentialingredientsforpredicting thephenom enology ofdirac-
tion at the LHC.HERA m ay stillcontribute here through the study ofthe onset ofgap
destruction eventsin resolved photoproduction.
A factorization -breakingeectwhich ispresenteven in diractiveDIS arisesdueto the
presence ofperturbatively calculable congurations from Q 2-suppressed non-leading twist
qquctuationsoflongitudinally polarized photons[27].Although qqdipolescattering isnot
the dom inant feature ofinclusive diraction at HERA,it gives rise to a good description
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ofvectorm eson production,which have a large com ponentarising from longitudinally po-
larized photonsand are suppressed with increasing Q 2. Com pleting the program ofstudy
ofexclusive processeswilllead to a betterunderstanding ofthe scattering ofqq pairsfrom
the proton.Non-factorizing longitudinalqq contributionsalso play a signicantrole in the
inclusive crosssection atlarge m om entum fractionsz
IP
[22,28],which m ustbe better un-
derstood in orderto decreasethelargeDPDF uncertaintiesin thatregion.Thisisessential
forLHC preparations,ashigh z
IP
inclusive processesare the dom inantbackground to cen-
tralexclusive processessuch asdiractive Higgs production. Am ong otherpossibilities,a
com prehensive search forexclusive contributionsto diractive dijetproduction isurgently
needed.
3.2 U niversality ofparton-jet relations
The hard perturbative processin e+ e  ; ep; pp collisionscan be studied eitherby tagging
the produced heavy objects(typically quarksin ep collisions)orby m easuring jets,which
originatefrom hard partonsproduced in the hard process.Thejetsarereconstructed from
the observed hadrons. The precise denition ofa jet,i.e. which hadrons and how they
are com bined into a jet depends on the jet algorithm and its resolution scale [29]. It has
been a long-standing issue that jet algorithm sneed to be infrared-and collinear-safe (i.e.
the resultm ustnotchange when a softorcollinearparticle isadded). M uch progresshas
been m aderecently in providing also infrared-and collinear-safedenitionsofcone-typejet
algorithm s[30]. In alljetalgorithm sdecisionsare m ade on how m any and which particles
areclustered into a jet,and thusarepotentially aected by the contribution from particles
which do notbelong to ororiginatefrom thehard perturbativeprocessunderconsideration.
W ith a properjetdenition,the m easured jetcross-sectionscan be com pared with the-
oreticalpredictions calculated at xed orderat parton levelor supplem ented with parton
showers (resum m ation) and hadronization. Sim ilarly to the PDFs,the parton shower re-
sum m ation is assum ed to be universal. However,no explicit factorization theorem exists,
which isapplicable to the parton showers(although som e stepsin thisdirection havebeen
m ade [31]),and thusexperim entaltestsarevital.
Processeswith one ortwo jetscan provideexperim entaltestsof
 universality ofparton-jetcorrelation
 universality ofsoftgluon resum m ation
 universality and im portance ofsm allx resum m ation
New and additionalm easurem entsareneeded forapreciseinvestigation oftheparton-jet
tohadron-jetrelationform ulti-jetevents;especiallytheinuenceofm ultiparton interactions
needsto be understood.
In the context ofhigh energy factorization and the BFK L approach,forward jets well
separated in rapidity from the outgoing lepton in DIS [32,33]are sensitive to next-to-
leading ordereectsin thegluon G reen’sfunction,which haveproved to bevery im portant.
In particular,the azim uthalangle correlations increase when higher order corrections are
introduced (oppositeto whatisexpected in a xed ordercalculation)fora xed valueofx,
while the jetand the electron becom e m orede-correlated aswe increasethe center-of-m ass
energy.Such investigationsareim portantforthe description ofM ueller-Naveletjetsatthe
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LHC,and contributeto theproduction ofhigh-m ultiplicity events[34],wheredierencesto
the standard approaches[35]could be observed.
3.3 U niversality ofhadronization
M ostofthe param etersneeded to describe the transition from on-shellor alm oston-shell
partonstoobservablehadronshavebeen preciselydeterm ined ate+ e  colliders,especiallyat
LEP.However,thestructureofthenalstateofeventsin e+ e  ! hadronsisdierentfrom
thatin ep ! e0+ hadrons and even m ore so from thatin pp ! hadrons. There are hints
from HERA m easurem entsthattherearesom edierencesofhadronization in thoseprocess.
Forexam ple,theK = ratioin ep-collisionsseem stobedierentfrom thatobtained in e+ e  -
annihilation events[36].Itisthereforecrucialtoinvestigatetheuniversalityofhadronization
| the factorization ofthe softand the perturbativeregion.
A com parison offragm entation param etersobtained atHERA with thosefrom LEP will
clarify the question ofuniversality ofhadronization. The m easurem ents from HERA are
im portant,asthey allow usto understand thetransition from e+ e  to hadron collidersand
they m ay be necessary fora precisem odeling ofthe hadronicnalstateatLHC.
Fragm entation functionsaream ongthesim plestquantitiestodescribethehadronization
process in Q CD.M easurem ents at HERA ofidentied inclusive hadron production would
providea strong im pactto globalts.Furtherm ore,the pT spectrum and azim uthaldistri-
bution oftheproduced hadron providesinsightinto theintricaciesofthedynam icsand can
be interpreted within a powerfultheoreticalform alism [37].
D -m eson production at HERA is fairly welldescribed by NLO calculations treating
charm asm assive and em ploying a fragm entation function. M easurem entsofdistributions
in xB j,pseudorapidity,pT etc,havebeen perform ed by both H1 and ZEUS collaborations.
The dom inantuncertainty in the NLO description isdue to the value ofthe charm (pole)
m ass,and a param eterin a charm fragm entation function (e.g.Peterson,orK artvelishvili).
For a given choice ofPDF set and hadronization fraction f(c ! D i),the value ofthese
universalparam eterscan be determ ined in a correlated t. A rstgood attem pt yielding
prom ising resultscan be found [38].
M orem easurem entsareneeded foraprecisedeterm inationoffragm entationand hadroniza-
tion param eters.W ith these m easurem entsa detailed com parison ofhadronization param -
etersand fragm entation functionswith those obtained in e+ e  atLEP can be perform ed,
and forthersttim ea system atictestoftheuniversality ofhadronization can beachieved.
4 D eviations from expectations in linear Q C D evolution equations
M ostofthe topicsdiscussed in the previoussectionsare related to single-parton exchange
processes and to linear evolution equations,i.e.DG LAP,BFK L and CCFM .The latter
describearegim ewhich isnorm allyclassied asadiluteregion,wherethedensity ofpartons
can be large,butstillsm allenough such thatthey do notsignicantly interactwith each
other. However,when the density ofpartonsbecom eslarger,they can shadow orstartto
overlap and thus interact with each other. This is the regim e ofa dense system ,where
non-linear evolution equations are relevant,the oldest exam ple ofwhich is the G LR-M Q
equation [2,39].Hintsattheonsetofa denseregion com efrom theobservation ofdiractive
eventsatHERA and theirinterpretation in term softhe dipolepicture.A strong signalfor
the onsetofa dense region (orblack disk lim it)are the m easured diractive gluon PDFs,
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which indicate[40]thatforx  10  4 and Q 2  4 G eV 2 theprobabilityofdiraction in gluon
induced processes reaches 40% which is close to the black disk lim it of50% . Now,the
theoreticalunderstandingofthedenseregion hasreceived m uch supportfrom m easurem ents
atRHIC,and new evolution equations(liketheBalitsky-K ovchegovequation [41,42](BK )),
which include non-linear term s,are available. However,the BK equation is derived for a
largenucleusand only approxim ately applicableto ep and pp.
Although saturation istheoretically wellm otivated,a clear,clean and indisputable ex-
perim entalsignatureforitisstillm issing.Todecideifand wherenonlineardynam icaleects
becom e im portantatHERA isdicult,especially since som e signaturesofsaturation can
be m im icked approxim ately within the linearDG LAP orBFK L descriptions.
However,the kt-dependence ofthe unintegrated PDF asa function ofx could provide
im portant inform ation. In a linear scenario (BFK L) the parton density (for xed kt) is
expected to increasewith deceasing x,while in the case ofsaturation thisdensity willrst
increase,then atten forsm allerand sm allerx and willeventually decrease.Asa function
ofkt the parton density is expected to decrease for kt below the saturation scale and the
x-dependence ofthe saturation scalecan thusbe studied directly.High-precision data in a
wide kinem atic region fordedicated observableswillcertainly help.
O n the theoreticalside progressisneeded in
 the calculation ofthe evolution ofunintegrated PDFsin the presenceofsaturation
 the factorization and factorization breaking in the presenceofsaturation
 the calculation ofthe change ofthe leading pion spectrum expected due to the onset
ofthe saturation regim ecom pared to thefactorization prediction
Besidesinvestigationsonsaturation,therangeofvalidityofthelinearevolutionequations
isnotyetfully understood:
 in the m oderate Q2 region contributions from higher twist eects (m ulti-parton ex-
change processes) are expected. However they are suppressed by additionalpowers
of1=Q 2 and thereforetypically haveonly a sm alleect.Atsm allx thiscontribution
is increased by large log(1=x) term s. A system atic investigation ofthe higher-twist
region would require m easurem entsatthe sam e Q 2 butwith x varying overa larger
rangethan availableup to now.Thiscan beachieved with F2 m easurem entsrecorded
atlowercenter-of-m assenergies.
 in thelargex region a breakdown ofthecollinearfactorization ansatzisexpected due
to the transversem om entum aswellasenergy m om entum conservation asadvocated
in [43].
Theprogram to investigatenon-lineareectsatHERA furtherand to constrain thevalidity
oflinearevolution equationsisessentialforany properinterpretation ofsm all-x eects at
LHC.HERA isthe only place where these eectscan system atically be studied in a clean
and controllable environm ent,i.e.where precision m easurem entsare possible. The results
ofsuch a program willhave direct im pact on m easurem ents at RHIC but even m ore at
LHC,wheredeviationsfrom lineardynam ics(saturation and m ulti-parton interactions)are
expected even forhigh pt processes[44].
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5 Tuning and validation of M C event generators and m odels at
H ER A for future colliders
W ith precision m easurem ents,as described in the previous sections,dierent m odels and
calculations can be system atically scrutinized. In m any cases it willbe possible to nd
param eter settings which describe specic sets of m easurem ents very well, while failing
for dierent sets ofobservables, m aking dierent param eter settings unavoidable. Such
a situation is not at allsatisfactory,as it indicates decits in our understanding ofthe
underlying physics.
Since m any ofthe calculations are also applied and used at dierent colliders (m ost
prom inently the LHC),the investigation ofthe rangeofvalidity ofvariousm odelsisessen-
tialfor their success. Fora detailed investigation allm easurem entsfrom HERA,but also
from other collider experim ents,need to be available in a com puter-readable form ,which
autom atically includesallnecessary cutsand reconstruction algorithm s.Such fram esexist
in form ofHZTO O L and itssuccessorRIVET [45].
Forthe m ajorM onte Carlo eventgenerators,which are applicable forep aswellasfor
pp,such asARIADNE [46],CASCADE [47],HERW IG [48]and PYTHIA [49],a num berof
tunable param eterscan be obtained from the m easurem entsdescribed here.These investi-
gationsshould include:
 parton showers
 tuning ofhadronization param eters
 tuning and validation ofparton showerresum m ation;validity rangeofcollinear
and kt factorized parton showers
 signicanceofangularordered parton showers
 signicanceofLL orNLL parton showers
 parton distribution functionsforM C eventgenerators
 LO orNLO PDFs
 determ ination ofdedicated PDFsforM Cs(PDF4M C)
 unintegrated PDFs
Itcould also happen thatsom e param etersare notuniquely tunable to describe allthe
m easurem ents.Such asituation indicatestheincom pletenessand inconsistencyoftheansatz
used and would be ofgeneralinterest. HERA with its Q CD precision m easurem entsm ay
wellbetheonly placefora long tim ewheresuch a globalvalidation ofthedierentm odels
can be done in an environm entwith a hadron beam and a controllable probe. In a global
validation also m easurem entsfrom pp,pp and e+ e  haveto be included.
6 W ish-list for m easurem ents
In the following we list the m easurem ents which are needed in our view to com plete the
program outlined above.
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6.1 Parton D istribution Functions
A sum m ary ofcross section m easurem ents relevant for the determ ination of the proton
PDFsisgiven in Tabs.1 and 2.The m easurem entsdescribed here are eitheralready done
orareto becom pleted with thefullstatisticsofHERA II.Theinclusivecrosssection m ea-
surem ents can be used to determ ine integrated as wellas unintegrated PDFs. Using the
fullstatisticswillbeim portantform easurem entsofthevisiblecrosssections,especially for
m ulti-jetsand heavy avortags.Thedeterm ination ofunintegrated PDFsiscom plem ented
by m easurem entsofsem i-inclusivecrosssectionslike charm orjetcrosssections.M easure-
m entsof and p t correlationscan furtherconstrain thekt{dependenceoftheunintegrated
PDFs(Tab.2). A extended kinem atic range to sm allerQ 2 and sm allerpt aswellasm ore
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Table 1: Sum m ary ofm easurem ents relevant for the determ ination ofthe parton distri-




















































































Table2:Sum m aryofm easurem entsrelevantforthedeterm ination oftheunintegrated PDFs
A (x;kt;).Theindiceslabelthejets(D
)ordered in pt.Therightcolum n indicateswhich
partofthe unintegrated PDF can be constraintby the m easurem ent.
Thephotoproduction ofm uon pairs[50]islargely induced by quark-antiquark annihila-
tion and istherefore directly sensitive to the quark distributionsin the realphoton,which
wereup to now m easured only in e+ e  collisionsfrom thephoton structurefunction F

2 .A
m easurem entatHERA could probeadierentavorcom bination than theoneappearingin
F

2 ,thereby yielding a m easurem entoftheavorstructureofthequark contentofthepho-
ton. Such a m easurem entwould have im portantim plicationsforpredicting photon-proton
crosssectionsatthe LHC,and photon-photon crosssectionsata future linearcollider. A
new m easurem entofF

2 would com pletethe structurefunction m easurem entatHERA.
6.2 C olor structure ofthe nalstate
The color structure ofthe hadronic nalstate can be investigated with m easurem ents of
transverseenergy ow and charged particlespectra overthe widestpossiblephasespace:
 Universality ofthecolorconnection between partonsfrom thehard process(new m ea-
surem ents)
 The energy ow between the jetsdependson the colorconnection ofthe hard
partons. In diraction,3-jet events should show the sam e string-eect as in e+ e  -
annihilation into threejets,whereasin non-diractiveeventstheparticleow between
thejetsisexpected tobedierent.A new m easurem entin thesam ephasespaceregion
ofdiractiveand non-diractiveeventsneedsto be perform ed.
 The energy ow between the jets is also inuenced by contributionsofm ulti-
partonexchanges.Thusacom parisonof2-and 3-jetm easurem entsin photoproduction
with those at large Q 2 in the sam e phase space region willshow the im portance of
m ulti-parton interactionsin DIS.In thephotoproduction region,acom parison between
directphoton enhanced and resolved photon enhanced regionsforthe sam ejetphase
spaceisalso sensitiveto m ulti-parton exchanges.
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 Universality ofthe colorconnection between partons from the hard process and the
proton-rem nant(new m easurem entsin extended phasespace)
 In non-diractiveeventsthe transverseenergy ET and the hadron m ultiplicity
in the forward region doesnotdecreaseasexpected from collinearfactorization [51].
M easurem entsofE T and hadron m ultiplicity asa function of,x and Q
2 arenotwell
described by theoreticalpredictions[51{53].
 In diraction the form ation ofa rapidity gap is directly related to the color
structure ofthe exchange. Rescattering eects between the rem nants m ay destroy
the rapidity gap. This is directly related to the observation offactorization break-
ing in diractive di-jet production in the low-Q 2 region [54]. A system atic study of
factorization breaking using diractivedi-jetsin photoproduction and DIS asa func-
tion ofthe diractive variablesxIP , and Q
2 are indispensable. The understanding
ofrescattering eectsisessentialforcentralexclusive Higgsboson production atthe
LHC.
 New m easurem ents(also in diraction)ofenergy ow,hadron m ultiplicity but
also jets especially close to the rapidity gap are needed. Ifthe diractive exchange
em ergesfrom theproton dueto processeswhich takeplaceatnon-perturbativescales
(and thus,ifdiraction can be incorporated into the starting condition ofthe usual
PDFs),then therateofjetswith largetransversem om enta (forward jets)closeto the
rapidity gap should be sm all. However,ifthe diractive exchange contains a hard
perturbativecom ponent,thecrosssection ofdiractiveforward jetsshould besizable.
 The m easurem entoftransverse energy ET and hadron m ultiplicity in the for-
ward region will be an im portant ingredient for any uniform description of non-
diractive,diractive and m ulti-parton interaction events as provided by the AG K
cutting rules.Such a new m easurem entwould requirefurtherinvestigationson track-
ing in the forward region.
6.3 U niversality ofparton-jet relations
The universality ofthe correlation between parton and jets(atparton orhadron level)can
be investigated with processes which have one or two jets. The following,partially new,
analyzeswould be useful:
 correlation between hard partonsand jetsatparton level
 The correlation can be investigated by m easurem entsofthe di-jet production
cross section as a function ofthe di-jet m ass m ij,thereby avoiding to com pare di-
rectly thetransverseenergy and rapidity ofthejetwith thoseoftheparton jetin the
calculation.
 The correlation as a function ofthe jet pt as wellas the inuence ofthe un-
derlying event can be quantied by jet production cross section m easurem ents from
lowestpossible pt  1 G eV to high pt. The inuence ofsoft and collinearradiation
can be studied with m easurem entsasa function ofthe jetresolution param eterand
as a function ofthe jet algorithm (inclusive kt,anti-kt,SiSCone,etc.). In addition,
energy owsinside the jetsorthe jetprolescould shed lighton thiseect.
12 DIS2008
 M easurem entsofpt = jpt;1   pt;2jor
P
pt = pt;1 + pt;2 fordi-jets,with pt;1;2
being the transverse m om entum ofthe jets,asa function ofp
jet
t ,
jet,Q 2 and x are
extrem ely im portantasthey givedirectaccessto higher-ordercontributions.
 universality ofsoftgluon resum m ation
Theprobability to havetwojetsexactly back-to-backin thep center-of-m assshould
vanish since gluon radiation from the initialand nalstate destroysthe LO back-to-
back conguration.Thisso-called Sudakov eectalso playsan im portantroleforthe
pt-spectrum ofW =Z production aswellasthe pt distribution forthe Higgsboson in
hadron-hadron collisions.
Theeectofsoftgluon radiation can beinvestigated by di-jetm easurem entsasafunc-
tion of,asa function ofthe di-jetm assand ofQ 2,ranging from photoproduction
to high Q 2. In the region of  180 o contributionsfrom soft gluon resum m ation
can be studied.
 im portanceofsm allx resum m ation
Atlargeenough energiesorsm allenough x the suppression ofhigher-ordercontribu-
tions(due to higherordersin s)iscom pensated by logarithm sof1=x,thusthe jet
(orleadingparticle)crosssection increaseswith p2t  Q
2.Atsm allvaluesofx alsothe
transverseenergy and theparticlem ultiplicity becom elargerthan expected from pure
hadronization. Sm allx resum m ation can play an im portantrole forthe pt-spectrum
ofW =Z production aswellasthe pt distribution forthe Higgsaspointed outin [55].
The sm allx resum m ation can be studied by the forward jetcrosssection associated
with jetsorheavy quarksin the centralregion.
 Im portantinform ation on parton radiation can be obtained by a m easurem ent
ofthe transverseenergy ow asa function of in eventswith a forward jet.
 The m easurem ent ofthe DIS di-jet cross section in the region of < 120o
issensitive to contributionsbeyond 2 ! 3-processesand thuscan signaleectsofall
orderresum m ation.Thetransverseenergy ow and particlem ultiplicity in DIS di-jet
eventsasa function of and jetp t isim portant.
 Them easurem entofforward jetproduction with p2t  Q
2 can provideessential
inform ation on sm allx resum m ation.Theforward jetneedsto beatsm allestpossible
anglew.r.t.proton beam axis.Thecrosssection asa function oftheangle between
the scattered electron and the forward jet,as a function ofthe rapidity separation
between both,and asa function ofthe jetpt isessential.
The relation between partons (or jets at parton level) and jets at hadron levelcan be
investigated with the following new m easurem ents:
 the inclusive single jetproduction crosssection asa function ofthe jetresolution pa-
ram eterR,aswellasthedierentialjetcrosssection asa function ofx,Q 2,transverse




 theinvestigation oftheabovecrosssectionsfordierentjetalgorithm sand a com par-
ison with theoreticalpredictionsatparton leveland with thoseafterparton showering
and hadronization.
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 m easurem ent ofm ulti-jet production cross sections as a function ofNjet in photo-
production and DIS asa probe forthe relevance ofhigher-ordercontributions. This
m easurem entcould be repeated using the fullHERA IIstatistics.
 m easurem ent ofdierentialm ulti-jet cross sections in photoproduction and DIS for
an investigation ofhigher-ordercontributions.Correlationsbetween the jetsin  and
pt should allow one to separate m ulti-parton interactions from m ulti-jet production
com ing from a singleinteraction (sim ilarto whatwasdonein [56]).
 m easurem entofparticle m ultiplicity and energy ow in m ulti-jetevents. Underlying
eventcontributionsand m ulti-chain processeswillshow an increasing activity away in
 and  from the hard process.
 m easurem entsofjetcrosssectionswith equaland with very dierenttransverse m o-
m enta foran investigation ofm ulti-scaleprocesses.
6.4 U niversality ofhadronization
The eect ofhadronization in generalis dicult to separate from soft parton radiation.
Energy ow,charged and neutralparticle m ultiplicities can be used to determ ine general
propertiesofhadronization,requiring new investigations:
 particle m ultiplicity and transverse energy distributions,dierentialin x,Q2 aswell
as in  and . This would also potentially provide insights into the role ofsm all
x dynam ics (BFK L),m ultiparton radiation (higher order contributions and parton
showers)aswellasm ultiple-parton interactions.
 particle m ultiplicity,energy and pt spectra in the forward region:thiswould help to
x the fragm entation ofthe proton-rem nant.Naturalquestionsto ask include:Does
the proton rem nant fragm entation depend on x or Q 2? W hat is the intrinsic kt of
quarksand gluonsin the proton? HERA data could help to answersuch questions.
Thefollowing m easurem ents(using fullstatisticsand extended phasespace)areneeded for
a precisedeterm ination offragm entation and hadronization param eters:
 m easurem entsofcharm fragm entation functionsand atthesam etim ethecharm (pole)
m assasa function ofx,Q 2,pt and s^
 m easurem ent ofnon-strange m eson () and baryon (p, n) and strange m eson and
baryon production (hyperons) as a function ofx,Q 2,, and pt and correlations
between them ,needed in particularforthedeterm ination oflightand strangehadron
fragm entation functions
 quark and gluon jetfragm entation:m easurem entofleading and subleading particles
in jetsto allow a separation ofquark and gluon jets.
 m easurem ent of proton and anti-proton production in the forward region (proton-
fragm entation region)
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6.5 D eviations from expectations in linear Q C D
Deviationsfrom linearQ CD m ightbe seen in inclusive m easurem entsbutthe bestobserv-
ablesaresem i-inclusivem easurem ents.Thefollowing m easurem entsusing thefullstatistics
could show eectsofnon-linearQ CD:
 kt-dependence ofthe unintegrated PDF for dierentvalues ofx with the transverse
m om entum ofa di-jetpair,a heavy-quark pairora J= + g system .
 the energy dependence ofthe ratio FD2 =F2 ofdiractive and inclusive structurefunc-
tions.
 geom etric scaling ofthe inclusive structure functionF2   F
c
2 (with the charm contri-
bution subtracted)
6.6 P roposals for additionalm easurem ents
Here wepresentproposalform easurem entsin addition to the program outlined above.
6.6.1 Intrinsic Heavy QuarksatHERA [57]
Asem phasized by the CTEQ group [58],there are indicationsthatthe structure functions
used to m odelcharm and bottom quarks in the proton at large xbj have been strongly
underestim ated,since they ignore the intrinsic heavy quark uctuations ofhadron wave-
functions. The probability forFock statesofa lighthadron such asthe proton to have an
extraheavyquarkpairdecreasesas1=m 2Q in non-Abelian gaugetheory[59,60].Theintrinsic
Fock stateprobabilityism axim ized atm inim alo-shellness;i.e.,when theconstituentshave
m inim alinvariantm assand equalrapidity.Thustheheaviestconstituentshavethehighest
m om entum fractions and the highest xi. Intrinsic charm thus predicts that the charm
structure function hassupportatlargexbj in excessofDG LAP extrapolations[61];thisis
in agreem entwith the EM C m easurem ents[62].
The SELEX [63]discovery ofccd and ccu double-charm baryonsatlarge xF reinforces
other signals for the presence ofheavy quarks at large m om entum fractions in hadronic
wave-functions,which isanovelfeatureofintrinsicheavyquark Fock states.Thishasstrong
consequencesforthe production ofheavy hadrons,heavy quarkonia,and even the Higgsat
theLHC.Intrinsiccharm and bottom leadstosubstantialratesforheavy hadron production
athigh xF [64],aswellasanom alousnucleareects.The heavy quark distributionsin the
proton at large x are perhaps the m ost im portant uncertainties in hadron structure;the
uncertaintiesin c(x;Q 2)also causesconfusion when oneusescharm production to tag gluon
distributions.
Although HERA m easurem entsofcharm and bottom crosssectionsin deep inelasticep
scattering arenorm ally restricted by kinem aticsand rateto sm allxbj,thereissom echance
ofseeing excessp ! cX eventsathigh Q 2 and x.
In addition,otherhard scattering reactionsm ay allow accesstheintrinsiccom ponentof
heavy quark distributionsatlargex atHERA:
 Study thehard photoproduction processp! cX wherethecharm jetisproduced at
large pT . The dom inantsubprocessisc! cg;where a gluon jetrecoilsagainstthe
charm quark trigger.
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 Look for open or hidden charm production at high xF in the proton fragm entation
region in norm alhigh Q 2 deep inelastic events,possibly using the existing forward
silicon detectors.In thiscaseonelooksatfastcharm produced from theexcitation of
the juudcc> Fock stateofthe proton.
 Use ep ! e0cX to eectively lowerthe electron energy;thiswould requiretagging a
forward photon along the electron direction.
6.6.2 Exclusive Processes[65]
 The extraction ofthe bare3IP vertex
Thetriple-Pom eron vertex isan im portantingredientforthephysicsofdiraction [66,
67].In ordertodeterm inethevalueofthebare(unscreened)vertex,thetriple-Pom eron
interaction should be m easured in a process where the rescattering eects are sup-
pressed.Such aprocessisproton dissociation in theinelasticdiractiveJ= photo (or
electro-)production.Unfortunately,theexisting HERA data arefragm entary and no
resultson the distribution overthe m assM ofthe system Y accom panying J= are
available. W e need better statisticsofinelastic diractive J= events. The inelastic
diractive  events are ofa specialinterest,but are lim ited by the recorded statis-
tics. It is crucially im portantto have the data with an explicitm easurem entofthe
proton dissociation m assspectrum -spectrum in orderto perform thefulltriple-Regge
analysis which willallow to separate the IP IP IP term from the other tripple-Regge
contributions.
 M oreprecisem easurem entsofexclusive photoproduction
Exclusive  photoproduction allowsto probe the generalized unintegrated gluon dis-
tribution in a kinem aticalregion which iscloseto theexpected onein centralexclusive
production oftheHiggsboson attheLHC [68].Currently,theuncertaintiescaused by
the lack ofknowledge ofthe gluon distribution atlow x and sm allscalesare sizable,
and betterstatisticsofexclusive  eventwillallow to constrain the expectationsfor
the centralexclusiveproduction ofnew physicseventsatthe LHC.Also exclusive p
collisionsatthe LHC could be directly used.
 M easurem entofthe ratio R ofdiractiveand inclusivedi-jetphotoproduction.
Itwassuggested in [69]thata good way to study theeectsoffactorization breaking
in diractivedi-jetphotoproduction isto m easuretheratioR ofthediractiveprocess
to the corresponding inclusive production process.In thisratio m any theoreticaland
som e experim entaluncertainties can cancel. It willbe very interesting to have the
resultson R asa function ofQ 2 in orderto observevariation ofabsorptiveeects.
FurtherstudiesoftheE T dependenceofthescreening eectsin diractivedi-jetpho-
toproduction areveryim portant.Itisexpected (forinstance[70])thatwith decreasing
ofthe jetE T the screening eectsbecom e stronger.Thisisbecause atlowerE T the
roleofthelargesizediractivecom ponentwith largerabsorptivecrosssection becom es
m ore pronounced. The new H1 and ZEUS data seem to indicate such behaviorbut
m oredata areurgently needed.
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6.6.3 Sem iexclusive diraction [71]
 Hard Pom eron trajectory
O neoftheim portantissuesofthehard Pom eron dynam icsisthet-dependenceofthe
hard Pom eron trajectory.Ithasbeen m easured atHERA forsm alltin the exclusive
electro (photo) production ofonium states. To study it atlarge tit is necessary to
use rapidity gap events at large t: ()+ p ! V M + gapX . A num ber ofsuch
analyseswereperform ed atHERA.However,practically in allcasesM 2X =W
2 waskept
constant.Itturnsoutthatin thiscase sensitivity to IP (t)isvery low asthe energy
dependenceism ostly given by x dependenceofthegluon density in thetarget[72].It
isnecessary to perform analysesoftheenergy dependence ofthe processforthe xed
upperlim iton M X .In thiscasesensitivity to IP (t)willbe m axim al.
 Im proving knowledgeofthe transversedistribution ofsm allx partons
K nowledgeoftransversedistribution ofgluonsandquarks(which isaFouriertransform
ofthe t-dependence ofgluon and quark G PDsm easured in exclusive DVCS and DIS
vectorm eson production)iscrucialfora realistic m odeling ofthe geom etry ofthe pp
collisionsatthe LHC.O ne needsto determ ine m ore precisely the dierence between
the t-slopesofDVCS,electro and photo production ofJ= and m easure the slope of
the  photoproduction.
 G luon uctuationsin the nucleon
Itwasdem onstrated in [73]thatthe ratio
R(W ;Q 2;M X )=
d(

+ p! V M + M X )(t= 0)
dt
d(+ p! V M + p)(t= 0)
dt
m easuresthevarianceoftheuctuationsofthegluon density in thenucleon foragiven
x.A slow Q 2;x dependenceofthisratioispredicted.Henceasystem aticexperim ental
study ofthisratio willprovide an im portantnew inform ation aboutstructure ofthe
nucleon and willallow a betterm odeling ofthe pp collisionsatLHC.
 Noveltwo ! threeprocesses
Thereexistsa num berofnovelDIS processeswhich werenotstudied so farwhich are
sensitive to the generalized PDFs (G PDs) in the nucleons and large tG PDs in the
nucleon.O neexam ple[74]istheprocesswhich m aybefeasiblefordetection atHERA
is the process  + p ! V M + gap + + + n where a pion is produced with xF 
0:1;pt  1:5 G eV/c corresponding to relatively sm allrapiditiesand the neutron hits
the neutron calorim eterand hasxF  0:9;pt  0:1 G eV/c. The transversem om enta
ofthe VM and pions are nearly balanced in this kinem atics and selection oflarge t
forthe process(colortransparency)and low pt forthe neutron lead to a suppression
ofthe nalstate interaction.Thisprocessisexpected to be reasonably enhanced for
largetsinceithasa m uch weakertdependence than the + N ! V M + N process
(a factor/ 1=t2)due to a weakerlarge tdependence pion G PD ascom pared to the
nucleon G PD.
6.6.4 Observation ofthe Odderon atHERA
O dderon exchange has never been observed in experim ent,even though it is an essential
prediction ofQ CD.
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The asym m etry in either the fractionalenergy distribution orthe angulardistribution




is sensitive to the interference ofthe O dderon (C =   ) and Pom eron (C = + ) exchange
am plitudes in Q CD [75]. This asym m etry has been estim ated to be of the order 15%
using an O dderon coupling to the proton which saturates constraints from proton-proton
vs.proton-antiproton elasticscattering.
M easurem entsofthisasym m etry atHERA could providerm experim entalevidencefor
the presenceofO dderon exchange.
7 C onclusion
HERA wasand isstilltheonly placewhereprecision m easurem entsin Q CD in a controlled
environm entwith an electron probeand a hadron beam areperform ed.Thevastam ountof
data collected atthe HERA IIcolliderwith excellently understood detectorsisstillin the
processofbeing analyzed.
M any fundam entalquestionsofQ CD,such astheuniversality ofthe PDFsfordierent
processes,hadronicnalstateand hadronization universality can beaddressed with HERA
data. The answers to these questions are extrem ely interesting on their own,but even
m ore so,this willbe necessary ingredientsform any potentialdiscoveriesatthe LHC and
elsewhere.
Ithasbeen discussed in thisnotethattheHERA physicsprogram isstillextrem ely rich,
fullofpotentially very im portantm easurem entin m any dierentareasofQ CD.W e tried
to structurethetopicsand to focuson them ostfundam entalquestionssuch asuniversality
and factorization.
W ebelievethatm uch progresscan beachieved in theseseldsin thenextfew years,and
we look forward to m any exciting and challenging new results.
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